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A B S T R A C T 
 
Submarine Groundwater Discharge (SGD) has been recognized as an important component of the 
ocean-continent interface. The few previous studies in Brazil have focused on nearshore areas. This 
paper explores SGD on the Southern Brazilian Continental Shelf using multiple lines of evidence that 
include radium isotopes, dissolved nutrients, and water mass observations. The results indicated that 
SGD may be occurring on the Continental Shelf in the Albardão region, near a paleochannel located 
50 km offshore. This paleochannel may thus be a preferential pathway for the delivery of nutrient- 
and metal-enriched groundwater and porewater into continental shelf waters. 
 
R E S U M O 
 
A descarga de água subterrânea ("Submarine Groundwater Discharge"; SGD) é um importante elo 
entre continente-oceano. No Brasil, embora haja um crescente interesse em estudos sobre este tema, 
eles ainda são raros e se restringem às zonas costeiras. A presente investigação explora as evidências 
SGD na Plataforma Continental do Sul do Brasil, as quais incluem isótopos de rádio, nutrientes 
dissolvidos e distribuição das massas d’água. Os resultados indicam que a SGD pode ocorrer na 
Plataforma Continental na região do Albardão, próximo a um paleocanal localizado a 50 km da costa. 
Esse paleocanal pode, assim, ser o caminho preferencial de entrada de nutrientes e de águas 
subterrâneas ricas em metais na plataforma continental. 
 
Descriptors: Porewater, Subterranean estuary, Permeable sediments. 
Descritores: Água intersticial, Estuário subterrâneo, Sedimentos permeáveis. 
 
INTRODUCTION 
 
Submarine Groundwater Discharge (SGD) 
has been recognized as an important continent-
ocean link (NIENCHESKI et al., 2007) which plays a 
fundamental role in the seaward transport of elements. 
It is significant for the geochemical cycle of marine 
environment and may drive primary productivity and 
eutrophication in coastal waters. Even though the 
transport of submarine groundwater is not as evident 
as the transport of river waters (BURNETT; 
DULAIOVA, 2003), the flow of groundwater may be 
responsible for greatly enriching superficial waters 
with nutrients and metals in coastal zones. Kroeger et 
al. (2007) reported that submarine groundwater has 
concentrations of nutrients orders of magnitude higher 
than those of surface waters. Windom et al. (2006) and 
Niencheski et al. (2007) have observed that 
groundwater-derived trace metal inputs into the ocean 
may be one order of magnitude higher than those of 
rivers into the ocean off Patos Lagoon. Cable et al. 
(1996) and Santos et al. (2010) have pointed out that 
the activities of radium isotopes may be from two to 
four orders of magnitude higher in submarine 
groundwater. Therefore, even small volumes of 
submarine groundwater discharge may carry 
significant amounts of elements to the ocean. SGD 
                             
may, thus, be an important natural source of nutrients 
for primary productivity. In some cases, coastal 
eutrophication and primary productivity may be 
directly related to SGD (CORBETT et al., 1999; 
HUSSAIN et al., 1999). In addition, SGD may deliver 
gases from the bottom of the sea and create suitable 
habitats for benthic microorganisms and fauna 
(HOVLAND; JUDD, 1988; BUSSMANN; SUESS, 
1998; STIEGLITZ, 2005). 
Despite the fact that SGD is a common 
phenomenon in inshore regions close to beaches, the 
advection of submarine groundwater is not restricted to 
this zone; it may occur on larger spatial scales. Bratton 
(2010) demonstrates that confined aquifers may stretch 
along the coast quite extensively and reach the 
continental shelf several kilometers offshore. In some 
cases, deep aquifers may have fractures in confined 
upper layers - such as ruptures triggered by the 
depressions found along the shelf - which makes an 
exchange of fluids across the sediment-water interface 
possible. Santos et al. (2012b) have shown that various 
physical processes may control submarine groundwater 
discharge in areas on the continental shelf. 
There are few studies of submarine 
groundwater discharge (SGD) in Brazil (SANTOS et 
al., 2008) despite the fact that there has recently been 
more interest in estimating SGD and in its potential 
influence on productivity in coastal zones. In fact, 
some important results have already been achieved in 
the southeastern (GODOY et al., 2006; OLIVEIRA et 
al., 2006; BURNETT et al., 2008; MOORE; 
OLIVEIRA, 2008; SMOAK et al., 2012) and southern 
regions of Brazil (WINDOM et al., 2006; 
NIENCHESKI et al., 2007; ATTISANO et al., 2008). 
However, direct SGD inputs into Brazilian offshore 
waters have not yet been addressed. 
The objective of this investigation is to 
explore the evidence for submarine discharge on the 
Southern Brazilian Continental Shelf by collecting 
physico-chemical data, such as the distribution of the 
water masses and the behavior of nutrients and natural 
short-lived radium isotopes (223Ra and 224Ra). The 
main hypothesis is that groundwater is an important 
source of nutrients for the continental shelf off Rio 
Grande do Sul State, Brazil. 
 
MATERIAL AND METHODS 
 
Study Area 
 
The Southern Brazilian Continental Shelf 
(SBCS) is about 140 km wide and is subject to several 
complex oceanographic processes that include the 
northward propagation of the Subtropical Front, the 
intrusion of important water masses and upwelling 
events. Sand substrate predominates in the internal 
shelf area. The exception is the area adjacent to the 
Patos Lagoon mouth, where coastal mud deposits can 
be found (CALLIARI, 1997), and where there are 
biodetritic limestone deposits at depths of  25 to 40 m 
(CAPÍTOLI; BEMVENUTI, 2006). The SBCS 
comprises several depressions related to regression and 
transgression events of the sea level (ABREU; 
CALLIARI, 2005; CAMPOS et al., 2009). 
In  the  Pleistocene  regressive period, when 
the sea level reached its lowest point 120m below 
its present level, the continental shelf was converted into 
a long coastal plain (ABREU; CALLIARI, 2005). The 
drainage of several fluvial systems reached the edge of 
the shelf and gave rise to several delta complexes. When 
the sea level started to rise again, it inundated the vast 
coastal plain, the deltas, the estuaries and other 
transitional environments.  
There are several relatively deep and wide 
paleodrainage systems on the SBCS. The largest 
paleochannel (Fig. 1), known as the Albardão channel,  
is located on the southern limit of the inner and 
intermediate shelves. Beside the inner shelf in this 
channel, there are coastal sandbanks whereas on the 
intermediate shelf, there is a bank parallel to the channel, 
the Albardão Bank, which raises the seabed and thus 
decreases its depth from 75 m to 45 m (CAPÍTOLI; 
BEMVENUTI, 2006; CAMPOS et al., 2009). The 
SBCS is influenced by the Subantarctic Shelf Water 
(SASW) which determines both the low temperature at 
the bottom (12-14°C) and the high phytoplancton 
productivity. The nutritional quality of the substrate 
is probably responsible for the large number of benthic 
organisms (CAPÍTOLI; BEMVENUTI, 2006) and 
promotes the development of pelagic and demersal 
fish on the shelf (CASTELLO; MÖLLER Jr., 1997). 
 
 
 
 
Fig. 1. The Southern Brazilian Continental Shelf, from the 
mouth of the Patos Lagoon to the south of the Mangueira 
Lagoon.The straight line represents the paleodrainage system 
(CAPÍTOLI & BEMVENUTI, 2006); the dashed line 
represents the paleochannel in Albardão (CAMPOS et al., 
2009). 
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Field Samplings 
 
Sampling was carried out on the Southern 
Brazilian Continental Shelf (offshore transect – across 
from the Albardão Lighthouse) from the 
Oceanographic Research Ship Atlântico Sul – FURG, 
in winter (August) 2005 and in the austral summer 
(February) 2007. A Rosetta, with Niskin bottles, 
coupled to a CTD device, was used for collecting 
samples at different depths as well as data on 
conductivity and temperature. 
Nutrient samples were filtered through 0.45 
µm cellulose acetate filters with a vacuum pump. The 
samples were then stored in polyethylene flasks and 
frozen. Reactants were added whenever necessary. 
The samples were then analyzed by the standard 
methods described by Baumgarten et al. (2010). 
Measurements of 223Ra and 224Ra were 
carried out in subsurface waters using fibers 
impregnated with manganese oxide (MOORE, 1976). 
The radium samples were measured by the RaDeCC – 
Delayed Coincidence Counter – following Moore; 
Arnold’s recommendations (1996). 
Temperature and salinity values 
characteristic of each water mass were based on 
Möller Jr. et al. (2008). This approach allowed the 
identification of the classic T-S diagrams as described 
by Sverdrup et al. (1942) and Miranda; Castro Filho 
(1979). 
 
RESULTS AND DISCUSSION 
 
Water Masses 
 
In the austral summer (February, 2007), 
SASW was observed to weaken northwards (Fig. 2). 
Since SASW is a water mass with a broad salinity 
interval, ranging from 33.5 to 34.2, due to the mixing 
of Subantarctic and Continental Waters, salinity 
cannot be used to determine whether or not there is a 
any fresh submarine groundwater seeping up from the 
paleochannel. 
However, the intrusion of SASW through 
the Albardão Paleochannel may cause the advection of 
groundwater into the SBCS by the mechanism known 
as convection. Seasonal differences in temperature and 
salinity between the SASW (≤ 14°C in winter and ≤ 
21°C in summer) (MÖLLER Jr. et al., 2008) and the 
interstitial waters of usually limited temperature 
variation may drive convection on the shelf. The 
intrusion of cold (and hence, denser) SASW into the 
paleochannel may lead to density inversion at the 
sediment-water interface and may potentially release 
the radium- and nutrient-enriched interstitial water. 
This process, which may occur in diverse 
environments, acts on temporal/spatial scales that may 
vary from hours to years and from centimeters to 
kilometers (SANTOS et al., 2012a). For instance, in 
Florida, groundwater reaches the shelf through 
fractures in the seabed and creates convection cells on 
a kilometer scale (KOHOUT, 1967). The balance of 
the interstitial and overlying waters involved in this 
mechanism may reach 0.14 m d-1 in estuaries 
(WEBSTER et al., 1996) and determine the chemical 
composition of estuarine waters (SANTOS et al., 
2012a). 
 
Nutrients 
 
Silicate, a good groundwater tracer in coastal 
waters (KIM et al., 2005) (Fig. 3, a and b), was 
enriched near the paleochannel areas when there was 
SASW intrusion up the paleochannel. This provides 
evidence for the advection of continental groundwater 
or porewater, known to be enriched in silicate and 
other nutrients (SANTOS et al., 2009) (Fig. 3). 
 
 
 
Fig. 2. Vertical distribution of water masses in the Albardão region in (A) winter and (B) summer: Coastal Water (CW); 
Subantartic Shelf Water (SASW); Subtropical Shelf Water (STSW); Tropical Water (TW); South Atlantic Central Water 
(SACW) and Antarctic Intermediate Water (AIW). 
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Fig. 2. Distribution of silicate (µmol L-1) along the transects offshore in (a) winter and (b) 
summer. The dashed line is the break on the shelf.  The dashed line represents the paleochannel 
in Albardão (CAMPOS et al., 2009). 
 
Core samples collected in the Albardão 
Paleochannel support this hypothesis. They shows that 
there is a higher water content (average: 50%) along 
the profile than in other regions of the Southern 
Brazilian Continental Shelf. Besides, some clay 
deposits have even higher water-content. There is 
likely some recirculation of water in the sediments 
found in this depression, even though they may mostly 
consist of clay. Recent studies have shown that the 
activity of benthic microorganisms in impermeable 
clay sediments makes the transport of porewater 
through bioirrigation and burrows possible and that 
this significantly enhances the recirculation of 
seawater in sediments (MAHER et al., 2013). 
 
Radium Isotopes 
 
The distribution of short-lived radium 
isotopes (224Ra and 223Ra) showed a clear enrichment 
of isotopes nearshore and again at 50-100 km offshore 
(Fig. 4). The location of the offshore radium 
enrichment area indicates advection of groundwater on 
the Continental Shelf. The increase in the radium 
concentration between 50 and 100 km from the coast 
coincides with the location of the depression in the 
Albardão Paleochannel. Campos et al. (2009) 
indicated that the paleochannel starts exactly 50 km 
from the coast whereas its eastern margin stretches out 
as far as 90 km from the coast. The distribution of 
radium isotopes is thus consistent with our hypothesis 
that the paleochannel is a preferred pathway for 
groundwater or porewater exchange on the shelf. 
Mulligan et al. (2007) also suggested that  
paleochannels in a coastal oceanic environment may 
be the preferential routes for the exchange between the 
seawater and aquifers. These authors have modeled 
the advection of groundwater in fluvial channels in 
North Carolina (USA) and have observed that even 
small paleochannels promote hydraulic 
connection between the aquifers and the sea, thus 
making the intrusion of seawater towards the continent 
and the discharge of fresh water offshore possible. 
 
 
 
Fig. 4. Distribution of  activities: (a) 224Ra and (b) 223Ra, in transect offshore in austral winter. 
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CONCLUSION 
 
This study has described the following 
evidence suggesting enhanced groundwater advection on 
the continental shelf near the Albardão Paleochannel: (1) 
intrusion of SASW - through the paleochannel – which 
may lead to density inversions and favor advective 
exchange at the sediment-water interface; (2) high 
concentration of nutrients on the bottom which require 
an external source (likely groundwater) and cannot be 
explained  solely by regional river inputs or  seawater 
masses, and (3) increase in the activities of the radium 
isotopes in the paleochannel region. However, further 
studies, focusing on the use of four radium isotopes in 
vertical profiles in these systems, are called for to obtain 
quantitative information on the contribution of the 
paleochannel to regional groundwater exchange 
processes. 
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